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IMPRO VET^NTS IN OR imLATING TO 

The present invention concerns improvements in or relajdng to filters, toi particular to 
film bulk acoustic resonator (FBAR) filters^ and more especiailly to the configuration 
of EBAR filters op^^iting at microwave frequencies v^^bdcb can be sinqdy fahcicated 
using tViiti film technologies. 

It is important to prepare filters at hi^ frequency in the }4Hz or GHz region because 
those frequency regions axe often used for wireless commimications these days. For 
such applications it is inoportant that the filter is as small dze as possible* Therefore, 
fitter coaofigurations are demanded which minimise the size of the filter on the 
substrate surface. 

FBARs are attractive devices since they show resonant peaks at faiglh ficequency 
particularly in tiie MHz and GHz regions. Moreover, FBARs can be achieved in a 
small device (size --100 microns). Thus, they are considered to be useful for 
installation in small, li^, thin electric appliance products, sudi as mobile phones. 

FBARs are fabricated by depositing thin film piezoelectric layers, typically tSno oxide 
(ZnO), aluminium nitride (AIN) or lead 23rconixm[i titanate (PZT) onto a membrane or 
acoustic quarter wavelength stadk formed on a semiconductor substrate. This 
combination forms an acoustic structure which is resonant at a specific frequency. 

Prior art FBAR devices are coupled to associated circuitry by means of contact pads 
and wire bonds. This method provides a poorly defined ground connection because of 
the parasitic inductance of the wire leads. This ^preach also makes simulations and 
analysis of results difficult. 

An alternative approach of incoiporating the FBAR within a coplanar waveguide 
(CFW> suiicture involves the signal connection of tiie ground-signd-ground 
connection making contact to the top and bottom of the piezoelectric layw. Jn the 
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known atrangement the electrodes are separate from the transmission line stnictore. 
This increases Ae area and limits the size of device that can be produced. 

The present invention seeks to overcome or mitigate the disadvantages of existing 
EBARs and allows more compact fiUter configurations to be obtained with multiple 
FBARs. 

It is a prefeixed object of the present invention to provide a fater comprising a 
plurality of FBARs, and more particularly a piezoelectric filter, wMdi is 
manufactured using tfiin film technology in order to minimise the planar area of flie 
filter area on the wafer sur&oe. 

it is yet anotfa^ pr^erred object of the present iovenlion to provide a filter made ftom 
a plurality of FBARs that is miniature and shows low close-in rejection and low outr 
of-band rcsjection. . 

These and oflier ol^ects of tiie present invention are broadly achieved by an 
axrangement of FBAR <tevices within a coplanar waveguide structure wherein the 
' ^tectrodes are incorporated in tiie coplanar transmission- lines. 

Thus according to one aspect of Ae invention tiiere is provided an electric filter 
comprising a pluraKty of FBARs consisting of a thin layer of piezoelectric material 
sandwiched between two metal layers, the FBARjs being linked in a series and parallel 
connection anangemem such that the series FBARs electrodes fonn part of the signal 
line of a coplanar waveguide transmission line, while the paraUel FBAR electrodes 
are linked to one side or both sides of the ground cojdlanar transmission line. 

By configuring the filter as a CPW structure, a compact filter is obtained that is not 
susceptible to stray parasitic effects. jFWthennore, incorporating the filter within the 
coplanar transmission line structure eiiminates the need for wire bonds, thereby 
simplifying fahrication. 
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Preferably the filter is a ladder filter in which the series FBARs foim one group and 
the parallel FBARs form another group. The advantage of the ladder filter 
configuration is that additional passive capacitance and inductors that take up 
additional area are not required* Generally speaking» for a band-pass fQter, the 
rejection level compared to the signal-pass area improves when more FBARs are used 
in the filter. 

Typically, the series FBARs have identical areas and thicknesses and similarly the 
parallel FBARs have identical areas and thicknesses although both area and thickness 
can be different for the series and parallel FBARs« Identical series FBAR wOl be 
referred to as an ''A'' type FBAR, identical parallel FBARs will be referred to as a 
''B" type FBAR, 

The series and parallel FBARs may be arranged in an ABAB sequence or in an ABBA 
sequence. The ABAB configuration in a CPW structure takes up more area compared 
to the ABBA configuration and adoptkig the ABBA configuration enables ftdl use to 
be made*0f tiie device area* 

The ABBA configuration wittiin a CPW is also well suited to simple fabrication of a 
mmiature filter using thm film tedmology and also allows easy fabrication of higher 
order filters wxthotit havmg to pattern the piezoelectric layer. 

Tbe FBARs may be positioned without air-biidges or metal tracfo formed over tiie 
edge of the piezoelectric layer. 

Advantageously, the piezoelectric material is selected fipom the group coxnprLsing zinc 
oxide, aluminium nitride, lead titanate zirconate, lead scandium tantalum oxide and 
bismuth sodium titanium oxide. 

Preferably, access is provided to electrodes for poling ferroelectric FBAR fflters. 
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According to anolfaer aspect of liie invention, there is provided a ladder fitter 
comprising series and parallel FBARs arranged within a ccqdanar waveguide structure 
such that a top electrode of each series FBAR forms part of a signal line of ^ 
coplanar waveguide structure and a top electrode of eadi parallel FBAR fonns part of 
a ground line of the coplanar waveguide structure. 

Preferably, the signal line is positioned between two ground lines. 

Advantageoxisly, the FBARs of the filters according to both aspects of the invention 
have a common bottom electrode. 

Accoiding to a further aspect of the invention, there is provided a ladder filter 
comprising a plurality of FBARs in series and parallel configuration within a coplanar 
waveguide structure wherein the FBARs have electrodes formed as part of 
transmission lines of the coplanar waveguide structure* 

According to a still fordier aspect of the present invention, there is provided a ladder 
filter comprising a plurality of FBARs in series and parallel configuration withm a 
coplanar waveguide structure wherein the FBARs formed on a stthstrate are connected 
to associated dbrcuxtry by one or more transmission lines formed on die substrate. 

According to yet another aspect of the present invention, there is provided a ladder 
filter comprising a plurality of FBARs in series' and parallel configuration mduded 
within a transmission line structure of a coplanar waveguide. 

Embodiments of the invention are now described in more detail, by way of example 
only, with xefermce to the accompanying drawings wherein:- 

Figure lA is a top view of an FBAR; 
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Figure IB is a cross-section view of the FBAR shown in Figure 1 A; 

Figure 2 is a schexnatic diagram of an ABAB ladder filter; 

Figure 3 is a schematic diagram of an ABBA ladder filter; 

Figure 4A is a top view of a ladder filter according to a first embodiment of 
the invention having the ABBA configuration shown in Figure 3; 

Figure 4B shows the bottom electrode of the ABBA ladder filter shown in 
Figure 4A; 

Figure 4C shows the top electrode for ^e parallel EBARs of the ABBA ladder 
filter shown in Figure 4A; 

Figure 4D shows the top electrode for the series FBARs of the ABBA ladder 
filter shown in Figure 4A; 

Figure 5A is a top view of a ladder filter according to a second embodhnent of 
the invention having the ABAB configuration shown in Figure 2; 

Fl^re 5B shows the bottom electrode of the ABAB ladder filter shown in 
Figure 5A; 

Figure 5C shows the top electrode for the parallel FBASs of the ABAB ladder 
filter shown in Figure 5A; 



Figure 5D shows the top electrode for the series FBARs of tiie ABAB ladder 
filter shown in Figure 5A; 



SUBSTITUTE SHEET^RULE 26) 



wo 02/45265 



PCT/GBOl/03141 



,6- 

Hgures 6A and 6B show modelled comparisons of the S-parameters of the 
ABAB and ABBA ladder filters shown in Figures 4 and 5; 

Figure 7A is a top view of an ABBA ladder filter similar to Figure 4 with 
fietroelectric layers according to a ihird embodiment of the invention; 

Figure 7B shows the bottom electrode of the ABBA ladder filter shown in 
Figure 7A;. 

Figure 7C shows the top electrode for the parallel FBARs of the ABBA ladder 
filter shown in Figure 7A; 

Figure 7D shows the top electrode for the series FBARs of the ABBA ladder 
jSlter shown in Figure 7A; 

Referring first to Figures lA and IB, a top view and a cross section view of a 
standazd FBAR are shown. Hie FBAR is arranged on the signal line of a ground- 
signal-ground line of a coplanar transmission Une. 

The device is configured for 2-port measurements so ground probes can be positioned 
at either end of ground electrodes 27, one signal probe can be positioned ttirough a 
contact hole 26 onto the bottom electrode 25, and the other signal probe can be 
positioned at the end of the top electrode 24. 

The dimensions of the coplanar transmission lines are designed to provide the system 
with a 50 ohm environment however there is enough design flexibility to allow the 
distance between ^und and~si^aniines to bettered to accommodate FBARs of 
vaxying area while minimising the overall size of the FBAR and FBAR filter* 

The FBAR consists of a continuous piezoelectric layer 23 deposited on an inggifftyTig 
layer 22. An input electrode which forms the bottom electrode 25 of the FBAR is 
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fonned on tbe ix^ulating layer 22 and is configured as part of the signal line of a 
coplanar transmission line. 

The region of overlap of the signal Hne defined on the insulating layer 22 and Aat part 
of the signal line defined on the top of the piezoelectric layer 23 is positioned above 
^e opening 28 in the substrate 20. Tbe opening 28 is prepared by etching using 
badcside pattern 21. 

The outptxt transmission line extends to measurement points or to other FBARs 
arranged in a ladder configurallon. Using a continuous piezoeleciiic thin film, the 
input and output electrode must be defined before and after the depositLon of the 
piezoelectric thin film. When the top electrode 24 is prepared, two ground 
electrodes 27 are prepared at the same time so that the top electrode 24 has a coplanar 
wave-guide structure for which the characteristic impedance is set to about 50 ohms. 

Access to the bottom electrode 25 of the FBAR for measurements is achieved by 
etching a contact hole 26. The size of the working area, which is equal to ib& centre 
part of the top electrode 24 and the bottom electrode 25, is typically 50-200 microns 
square for and 20-45 microns square for PZT. 

Figures 2 and 3 are schematic views of two arrangements of series and parallel* 
EBARs to form ladder filters. Each filter comprises two FBARs in series and two 
FBARs in parallel. Such filters are referred to by a common nomenclature, as 2x2 
ladder filtex^ where the first numeral refers to the number of series resonators and the 
second ntmieral to the number of parallel resonators. For convenience herein, tbe 
series resonators will be denoted A and the parallel resonators B. The series 
resonators A may often differ in area and thickness from the parallel resonat<« B. 
All series resonators A are identical and all parallel resonators B are identical. 

The arrangement of FBARs in Figures 2 and 3 diJfer in terms of the grounding 
sequence. The arrangement in Figure 2 is here referred to as ABAB whereas &at in 
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Figure 3 is referred to as tiie ABBA coiifiguration wifli tfiese tenns describing tiie 
sequence of the series and parallel resonators* 

The realisation of the 2x2 filter in tlie ABBA coplanar configuration shown in 
Figure 3 is illustrated in Figures 4A-D with dimensions suitable for a 
piezoelectric layer 23 while that of the 2x2 filter in ABAB coplanar oonfiguradon 
shown in Figure 2 is illustrated in Figures 5A-D. 

The series FBARs 10 and the parallel FBARs 11 are positioned on a single membrane 
structure. The invention simplifies the processing considerably and eliminates the 
need to pattern by etching the ZnO piezoelectric layer 23. For the ABBA and ABAB 
configurations within a coplanar transmission line, one layer forms the bottom 
electrode 25 of all four FBARs that make up the 2x2 filter. 

As a result of using ABBA configured filter within CPW, certain orders of ladder 
filters, in whidli the number of parallel FBAJRs is equal or bigger than that of the 
series FBARs, such as ABBABBA (3/4), ABBABBAA (4/4) are easier to fabricate 
within aCFW. 

For filters wicfa ABAB configuration in simple CPW, it is difficult to fabricate fitters 
with the same number of series and parallel FBARs. such as ABABAB (3/3) wtttiout 
forming piezoelectric mesas by etching, A mesa is necessary to be able to run a top 
electrode metal pattern down &e side of the piezoelectric material in an FBAR so ibai 
it can fonn the bottom electrode of die fdiowing jFBAR. Only fitters wi^ the 
niunber of parallel FBARs less than the number of series FBARs, such as ABAAB 
(3/2h can be fabricated without piezoelectric material etdiing. 

The ABBA structure can be used in other wave-guide configurations, for example, 
microstrip, but a greater area is taken up by the filter dian when used in tiie ABAB 
configuration. For an ABBA filter within a microstrip, a transmission configuratioa 
for an electrode to be able to connect a top electrode on the piezoelectric material to a 
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bottom electrode on the next FBAR necessitates etchixig a piezoelectric mesa or the 
use of air-bridge techncdogy. 

The top surifoce fabrication sequence for the filter containing 4 FBARs arranged in the 
ABBA configuration shown in Figure 4 is now described. First the bottom 
electrode 25 metallised pattern is defined by prior art fobrication teciiniques. A 
piezoelectric layer 23 is tiien deposited over the whole surface. 

The filter is then completed by depositing either one or two top electrode 24 
metallised patterns depending on whether different metal tiiickness and hence different 
frequencies are required for the series and parallel FBARs in accordance wifli prior 
art. 

The final fabricadon stage is the formation of the opening 28 under tn<^ilafiTig layer 22 
by the techniques of bulk silioon etching or den&p reactive etching as weU known by 
tibiose versed in the art. 

The fabrication steps for the ABAB fiiter shown in Figure 5 are similar to tiiose for 
the ABBA configuration, although the order of layer fabrication varies. 

The through coefficient (S^j) of 2x2 ZnO FBAR filters having the ABAB and ABBA 
configurations are compared in Figures 6A,6B. The filters have the same insertion 
loss and little difference in the out-of-band rejection* Hie ABAB configuration has 
greater close-in rejection, sharper roU-off and slightly larger bandwidth than that 
obtained from the ABBA configuration. The ABBA configuration can have a flatter 
p£iss-band. 

A further embodiment of 2x2 ladder filter according to the invention for use with 
piezoelectric layers 23 that are also ferroelectric and so need to be poled is shown in 
Figures 7A-D. The fabrication procedure is identical to that for the ZnO FBAR 
filters described above except that a contact hole 26 is- made to the common bottom 
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electFOde 25. Using ibis contact hole, 26, for poling in the ABBA con£iguration 
allows access to the common bottom electrode 25 eUminating the need to make 
multiple bottom electrode connections on a single fitter. With the ABAB 
configuration, extra contact holes are needed for poling. 
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CLAIMS 

1. An electric fUter comprising a plurality of FBARs (A3;10,ll) consisting of a 
thin layer of piezoelectric material (23) sandwiched between two metal layers (24,25) , 
the FBARs (A,B;10)11) being liiiked in a series (A;10) and parallel (B;ll) connection 
arrangement such that flie series FBARs electrodes (24) form part of the signal line of 
a coplanar waveguide transmissiOT line, while the parallel FBAR dectrodes (^7) are 
linked to one side or both sides of the ground coplanar transmission line. 

2. An electric filter according to daim 1, wherein the FBARs (A3;10,ll) are 
positioned in an ABBA configuration. 

3. An electric fater accordmg to claim 1, wherein the FBARs (A,B;10.11) are 
positioned in an ABAB configuralion. 

4. An electric filter according to . any preceding daim, wherein the FBARs 
(A,B;1041) are positioned without air-bridges or metal tracks formed over the edge 
of the pie2X>electric layer. 

5. An electric filter according to any preceding daim, wherein the piezoelectric 
material (23) is zinc oxide. 

6. ' An electric filter according to any one of daims 1 to 4, wherein the 
piezoelectric material (23) is aluminium nitride. 

7. An electric filter according to any one of daims 1 to 4, wherein the 
piezoelectric material (23) is lead titanate zirconate. 

8. An electric filter according to any one of daims 1 to 4, wherein the 
piezoelectric material (23) is lead scandium tantalum oxide. 
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9. An electric filter accordix^ to any one of claims 1 to 4, wh^ein tbe 
piezoelectric material (23) is bismutib sodium titanitim oxide. 

10. An electric filter according to claim 1, wherein access (26) is provided to 
electrodes for poling ferroelectric FBAR filters. 

11. A ladder filter compzising series and parallel FBARs (A,B;10,11) arranged 
within a coplanar waveguide structure such that a top electrode (24) of each series 
FBAR (A; 10) forms part of a signal line of the coplanar waveguide structute and a 
top electrode (27) of each parallel FBAR (B;ll) forms part of a ground line of the 
coiflanar waveguide structure. 

12. A ladder filter according to claim 11« '^/'herein the signal line is positioned 
between two ground lines. 

13. A filter according to any otie of the preceding claims wherein ihe FBARs 
(A3;10*ll) have a common bottom electrode (25)* 

14. A ladder filter comptismg a plurality of FBARs (A3;1041) in smes (A;10) 
and paralldl (B;ll) configuration within a coplanar waveguide structure wherein the 
FBARs (A,B; 10,11) have electrodes (24,27) formed as pazt of transmission lines of 
the coplanar waveguide structure. 

15. A ladder filter comprishig a plurality of FBARs (A3;10»ll) in series (A;10> 
and parallel (B;ll) configuration witiiin a coplanar waveguide structure wherein the 
FBARs (A3;10,ll) formed on a substrate (20) are connected to associated circuitry 
by one or more transmission lines fanned on the substrate <20). 
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16. A ladder fflta- cotiq>rising a fdurallty of FBASs (A,B;10.11) in series (A;10) 
and parallel 0B;11) configuration included wiliiin a transmission line structure of a 
Ci^anar waveguide. 
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FIGURE IB 
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